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Introduction’

The sequencing of the human genome has generated excitement about
the potential of genomic innovations to improve medical care, preventive and
community health services, and public health. Until fairly recently, genetic
information was used primarily in the diagnosis of relatively rare genetic dis-
eases, such as cystic fibrosis and Huntington’s Disease, but a transformation
in the use of genetic and genomic information is under way.

Genetic markers of increased risk for such chronic diseases as diabetes
and coronary artery disease have been identified. Research on how genes
influence the effects of drugs holds promise for helping physicians indi-
vidualize drug therapy. Tests designed to help providers make treatment
decisions based on variations in a patient’s genome are being developed.
The Department of Health and Human Services has launched a Person-
alized Health Care Initiative, one goal of which is to “link clinical and
genomic information to support personalized health care”? (DHHS, 2007).
It is anticipated that “genetic prediction of individual risks of disease and
responsiveness to drugs will reach the medical mainstream in the next
decade or so” (Collins and McKusick, 2001). To date, however, few of these
promising discoveries have resulted in actual applications in medicine and
health (Burke et al., 2006).

1The planning committee’s role was limited to planning the workshop, and the workshop
summary has been prepared by the workshop rapporteur as a factual summary of what
occurred at the workshop.

2Personalized health care, as defined by the Department of Health and Human Services,
refers to medical practices that are targeted at individuals based on their specific genetic code
in order to provide a tailored approach (www.hhs.gov/myhealthcare/glossary/glossary.html).

Copyright © National Academy of Sciences. All rights reserved.
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2 DIFFUSION AND USE OF GENOMIC INNOVATIONS

In 2007 the Institute of Medicine established the Roundtable on Trans-
lating Genomic-Based Research for Health. The purpose of the Roundtable
is to foster dialogue and discussion that will advance the field of genomics
and improve the translation of research findings to health care, public
health, and health policy. As a first step in examining issues of translation
of genomic innovations, the Roundtable decided to hold a workshop to
gather information on three questions below. Information obtained from
the workshop was then used to further discussion and exploration of the
answers to these questions:

1. Are there different pathways by which new scientific findings move
from the research setting into health care?

2. If so, what are the implications of those different pathways for
genomics?

3. What can we learn from the translation of other new technologies
as we seek to understand the translation of genome science into health
care?

The December 4, 2007, workshop was moderated by Wylie Burke,
chair of the Roundtable, and consisted of panel presentations in four areas:
the process of translation of innovations, practical incentives and barriers
to translation, translation of genomic technology at the clinical level, and
opportunities and constraints for translation both within the United States
and globally. A discussion period followed each panel. At the conclusion of
the meeting Burke offered a summary of the day’s presentations. While vari-
ous types of genomic innovation were discussed, a number of presentations
focused primarily on genomic testing technologies. The complete agenda
can be found in Appendix A, and biographical sketches of the speakers are
in Appendix B.

The following report summarizes speaker presentations and discus-
sions. Any conclusions reported should not be construed as reflecting a
group consensus, rather they are the statements and opinions of presenters
and participants.

Copyright © National Academy of Sciences. All rights reserved.
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Translation of Innovations

A BROAD PERSPECTIVE

Robert M. Califf, M.D., MACC
Duke Translational Medicine Institute and
Duke University Medical Center

Biomedical science is advancing at an amazing rate, yet the translation
of that science into better health outcomes has not kept pace. Much of this
lag is due to non-technological reasons, including financing, regulation,
and cultural issues. Another factor is that the rewards for researchers who
promote innovation are increasingly disconnected with the healthcare needs
of society at large.

Translation is a fragmented and uncoordinated process that, with few
exceptions, takes 25 to 30 years from initial scientific discovery to the
delivery of a therapy to the people who benefit most (Figure 2-1). While
basic discoveries occur predominantly in academic medical centers funded
by the National Institutes of Health (NIH), the process of translating these
discoveries almost always begins in the medical products industry, where
a basic discovery is followed up with a period of specifically directed pre-
clinical activity intended to test whether the putative therapeutic target is
indeed viable. The next step is determined by a decision-making process
that comprises multiple steps and includes assessments that link financial
support with the probability of success; if the decision is to move forward,
then the next stage of development is undertaken by clinical research orga-

Copyright © National Academy of Sciences. All rights reserved.
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TRANSLATION OF INNOVATIONS 5

nizations from the medical products industry, contract research organiza-
tions, or academia.

The early period of human subjects research, commonly called “proof
of concept” or phase I/Ila, is characterized by the introduction of novel
therapies into either healthy volunteers or a carefully selected group of
patients; if there are no red flags, this work is followed by a compre-
hensive set of clinical studies, known as phase III trials. Data from these
phase III trials are then used by the U.S. Food and Drug Administration
(FDA) and other national and international regulatory bodies to make
decisions—based on criteria that vary depending on which division of the
FDA is involved or which country is doing the evaluation—about whether
the therapy is ready to be introduced into clinical use. After a therapy is
approved, it is supposed to reach the appropriate people in the approved
manner through a competitive system that includes health systems, hospi-
tals, clinical practices, purchasers, and sales representatives for the product
or technology. Ultimately, when the therapy’s patent protection expires, its
price will diminish, and the health of the entire community will benefit from
the wider access thus afforded.

This system has generally worked well up to now, as evidenced by the
steady decline in mortality in the United States since 1900, a decline only
briefly interrupted by the 1918 flu pandemic. And while much of the decline
during the first half of the 20th century was due to clean water, sewers,
antibiotics, and better nutrition leading to a reduction in mortality from
infectious diseases, a significant proportion of the decline since then has
been attributable to advances in treatment, with the prevention of infant
mortality and the treatment and prevention of cardiovascular disease play-
ing the largest role.

Despite these achievements, however, key issues must still be addressed
concerning the translation of scientific innovations into effective therapeu-
tics. We now have information systems capable of providing detailed data
on leading causes of death and disability, for example, and these data show
that the benefits of technological advances have not been evenly distributed
(Figure 2-2). Such information can be helpful in identifying new directions
in which to focus the efforts of the translational enterprise.

Challenges Facing Translational Medicine

Our current general scheme of focusing on discovery science in aca-
demic centers and trusting for-profit industry to handle the diffusion of
technology continues to be the most sensible path to follow. But along that
path are major hurdles that must be cleared, particularly at the translational
interfaces between discovery and commercialization and between com-
mercialization and public health. In the arena of drugs and biologics, for
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instance, although novel targets afford bigger potential returns on invest-
ment, investors often shy away from them because of the risks entailed.
Pursuing an already-proven target gives a much higher probability of suc-
cess, which causes “follow-ons” to be seen as a better bet on average and
leads investors to often—and understandably—choose the safer option. The
net effect of these considerations is a risk-averse industry that pursues fewer
novel, innovative pathways.

In the arena of genomics-based diagnostic testing and therapeutic
decision making, for instance, the intersection of diagnostic testing and
therapeutics is plagued with regulatory ambiguity, and the prospects for
reimbursement are unsure. Such uncertainty directly affects willingness to
invest. In terms of health services, enormous investment will be required
to change current practices. Forces that encourage change in health care
services (i.e., the Internet, consumerism, information technology, -omics,!

1-omics refers to a biological field of study that ends in the suffix omics, for example, genom-

ics, proteomics, metabolomics.

Copyright © National Academy of Sciences. All rights reserved.



Diffusion and Use of Genomic Innovations in Health and Medicine: Workshop Summary
http://lwww.nap.edu/catalog/12148.html

TRANSLATION OF INNOVATIONS 7

medical technology, and Congress) are offset by countervailing pressures
(i.e., regulation, financing, a fragmented marketplace, professional auton-
omy, and, once again, Congress). Many observers believe that these forces
have created an equilibrium that discourages innovation, but there is no
consensus about how that equilibrium can be changed while still maintain-
ing the fundamental safety net created by the regulation of technologies
through objective, empirical assessment of the balance of risk and benefit.

The high cost of developing a new product is one example of the
difficulties facing innovation. A study conducted in 2003 by DiMasi and
colleagues found that research and development costs for a new drug in the
United States averaged a total of $800 million in 2000 dollars, up sharply
from the estimated $231 million that such research and development cost
in 1987 (in 1987 dollars) (DiMasi et al., 2003). The most recent published
data provide an astonishing estimate of $1.4 billion per successfully devel-
oped drug. An important component of this figure is the cost of capital
during the protracted period of drug development.

Unfortunately, the U.S. clinical research system is increasingly rec-
ognized as a bottleneck in the process of therapeutic development, as
clinical research takes longer and is measurably more expensive to accom-
plish in the United States than in other countries, while the quality of the
research itself may be inferior to that conducted in other parts of the globe.
Furthermore, the application of therapies in the United States is measurably
inefficient—not only are the costs of the therapies much higher here than in
other countries, but the therapies have inferior results in terms of longevity
and functionality of the population.

Another potential deterrent to innovation exists at the level of practice.
The movement toward evidence-based medicine has pushed practitioners to
have evidence for what they are doing. On balance this is clearly a favor-
able development. It gives patients and consumers much more confidence
that the treatments they receive are appropriate to their needs and that they
are administered correctly. The demand for evidence, however, can have a
stultifying effect on innovation if it is employed ineffectively and without
the application of modern methods and scientific insight.

Incentives should be developed to foster innovation. The current U.S.
health care system has many incentives to seek efficiency in the delivery
of technologically sophisticated, expensive approaches for those who can
afford them. There is a great disincentive, however, to providing low-cost,
efficient health care to the people who are experiencing most of the death
and disability in the United States. Despite astounding advances in biology,
ensuring that innovations reach those members of society who stand to ben-
efit most from them—and thus that these innovations will have the largest

possible effect on the rates of death and disability—is proving especially
difficult.
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Overcoming Translational Blocks

Along the translational pathway there are several blocks that slow
progress from the identification of a potential biological system that could
be attacked as a target to the translation of that concept into the first
human studies. First, the high levels of risk involved in the process limit
investment interest. Second, there is a large gap between scientific advances
and the regulatory science needed to predict and evaluate product perfor-
mance. Third, decision making is dominated by anecdote and intuition. In
order to make a prediction about the success of a possible therapy, one must
know what has succeeded and what has failed in the past and then use that
information to understand the probabilities of success or failure in general.
If only successful efforts are made public, however, there is little basis for
understanding and determining which general approaches lead to greater
success and thus for figuring out where to invest efforts and funding.

The Critical Path Initiative

This lack of data about the factors that underlie the success or failure
of development efforts is a major motivating factor for the FDA’s Critical
Path Initiative,>2 which aims to create a “safe haven” for sharing knowl-
edge that can accelerate translation while at the same time doing nothing
to impair the drive for competitive advantage that stimulates creativity in
our system.

The concepts of pre-competitive and pro-competitive spaces are key
to understanding the strategy underlying the Critical Path Initiative. Gen-
erally speaking, pre-competitive knowledge advances a field as a whole
before the point at which competition based on proprietary knowledge
comes into play. An example of pre-competitive knowledge would be
general knowledge about the operating characteristics of standard tests
for pre-clinical toxicity required by the FDA. Currently, little is known
about the true predictive value of these tests because abandoned projects
are rarely discussed and almost never published, leaving an incomplete
database of test results that renders any calculations about the value of
the tests meaningless.

The pro-competitive space is characterized by mutual efforts toward
development of new knowledge that in the past would have been propri-
etary but that, through collaboration, confers an equal advantage to all
interests. An example would be a generally known biomarker that everyone

2«The Critical Path Initiative is FDA’s effort to stimulate and facilitate a national effort to
modernize the scientific process through which a potential human drug, biological product, or
medical device is transformed from a discovery or ‘proof of concept’ into a medical product”
(FDA, 2006).
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can use. Individual companies usually do not have enough biological and
clinical data to validate a biomarker, but a consortium of companies and
academic institutions may be able to do so. Companies that make best use
of publicly available information about the biomarker in developing thera-
peutics would be the ones to receive an advantage.

Continuing on the translation pathway illustrated in Figure 2-1, the
next step is early-phase human studies. Many discoveries fail at this stage
because of unanticipated off-target effects that are only detected in much
later phase testing. A major recent example was the case of torcetrapib,
a drug developed to treat abnormally low HDL cholesterol and prevent
cardiovascular disease (Nissen et al., 2007). Torcetrapib failed in phase III
trials, perhaps because of an unrecognized and completely unanticipated
aldosterone-producing effect.

To identify these types of off-target effects before they cause harm to
participants in large-scale clinical trials, it will be necessary to study human
systems biology in greater detail. The traditional approach to early-phase
human subjects research used in the pharmaceutical industry today (measur-
ing pharmacokinetics, pharmacodynamics, and adverse events) does not
address this problem, and a new approach that uses experimental medicine
units capable of highly detailed systems measurement in human subjects
is needed. Researchers will need to use modern technologies, such as gene
expression analysis, proteomic and metabolomic profiling, and functional
imaging, to study integrated physiology more effectively.

Once early-phase human studies have been conducted, research efforts
move to the larger clinical trials. There seems to be a general assumption
that we know how to conduct these clinical trials effectively. To the con-
trary, clinical trials are too expensive, too slow, and too often of doubtful
quality. In fact, there are no standard definitions of quality for different
types of trials (Baigent et al., 2008). Five years ago, a typical phase III
trial in cardiovascular disease cost about $80 million to $140 million
(Eisenstein et al., 2005, 2008). Currently many trials cost $300 million to
$400 million, or even more. Such exorbitant costs become an inhibiting
factor for therapeutic areas that require definitive data as a precondition
to marketing.

The FDA Critical Path Initiative is seeking to transform the clini-
cal research enterprise through the Clinical Trials Transformation Initia-
tive. The goals of this project are to enhance knowledge and standards
that improve the quality of clinical trials while eliminating practices that
increase costs but provide no value in return (CTTI, 2007). Key players in
these efforts include the FDA, industry, academia, patient advocates, and
non-academic clinical research professionals.
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Post-Marketing Research

Once a product has been approved for marketing and is released into
the marketplace, it is still necessary to generate substantial additional evi-
dence about the balance of safety and effectiveness in the post-marketing
phase. Unfortunately, there is almost no money to support such research,
which has the primary goal of improving the public health. Most funding
for post-marketing studies comes from the company that markets the prod-
uct, and most such trials are designed to expand the market for the product
and thus to bolster its expected financial value to the company. Indeed, the
decision about which studies to conduct is usually based on net present-
value calculations, and a trial’s sponsor will approve funding only if there
is a high pre-test probability that the trial will lead to a desirable result.
While these studies may give honest answers to the questions asked, the
questions about translation that get asked under the current system are not
the ones that would be asked if the welfare of the general public were the
major concern. The Reagan-Udall Foundation, which was recently created
as part of FDA renewal legislation, offers a public-private partnership to
provide a venue in which such public-focused studies can be designed, but
political maneuvering has so far blocked funding for this effort.

The endpoint of the translation pathway illustrated in Figure 2-1 is
public and global health. There is a growing convergence between national
healthcare issues and global ones. As is the case in the United States,
financial incentives in many other countries emphasize practices that focus
on expensive technology that benefits “paying customers,” while incentives
to provide basic health services receive less emphasis even as the under-
standing of ways to 